ABSTRACT: The characteristics of bacterial community in the sediment of the middle and lower reaches of the Yellow River, the largest turbid river in the world, were studied by using the 16S rRNA gene clone library technique. Sediment cores with 25 cm depth were collected from 5 sites along the river and each sediment core was sliced into 5 layers for phylogenetic analyses. For the 25 clone libraries, a total of 2496 16S rRNA gene sequences were obtained and selected for taxonomic analysis. Furthermore, 1353 distinct operational taxonomic units (at the 97% identity level) were assigned, suggesting that a large number of bacterial taxa existed in the sediments of the Yellow River. The dominant bacterial groups in each sediment sample were affiliated with the subphyla Betaproteobacteria (mainly order Burkholderiales) and Gammaproteobacteria (mainly order Xanthomonadales), followed by Bacteroidetes, Acidobacteria, and Verrucomicrobia. Based on Shannon index values, bacterial diversity in Yellow River sediment was higher than that in other, less turbid rivers. Bacterial community compositions differed among the 5 sampling sites, due to differences in environmental variables. Redundancy analysis and Monte Carlo permutation test results demonstrated the significant effects of ammonium nitrogen and nitrate nitrogen concentrations on bacterial community structures (p < 0.05). Due to the high sediment concentration and high-frequency resuspension and deposition of sediment in the Yellow River, the bacterial community exhibited vertical variations but did not show a significant trend with depth in the sediment core samples.
INTRODUCTION
Microorganisms play an important role in the transformation of complex organic matter and the biogeochemical cycles of many elements, including nitrogen, carbon, and sulfur (Nealson 1997 , Junier et al. 2007 , Kondo & Butani 2007 , Xia et al. 2009 ). Researchers investigate bacterial community compositions in order to understand global patterns of bacterial diversities as well as local and global bio geochemical processes (Zehr & Ward 2002 , Vieira et al. 2008 . Microbial communities in buried sediments may represent up to one-third of the earth's micro-biomass (Whitman et al. 1998) . A global survey of bacterial communities in natural environments found that sediment communities may be more phylogenetically diverse than those from other environments, including soils (Lozupone & Knight 2007) . Environmental factors, such as salinity (Edlund et al. 2006) , organic matter (D'Hondt et al. 2004) , and nutrients (Nelson et al. 2007) , can influence the microbial community structure in sediment environments. D 'Hondt et al. (2004) revealed that high levels of organic matter in sediments greatly stimulate prokaryotic activity and result in highly diverse prokaryotic populations. Therefore, it is essential to understand the compositions of microbial communities in sediments under different environment conditions. River ecosystems are important freshwater habitats for microorganisms. Studies have focused on the horizontal distribution of microbial communities in river surface sediments; results indicate that Proteobacteria, Chloroflexi, Actinobacteria, Bacteroidetes, and Planctomycetes are the most common phyla in freshwater sediment environments (Tamaki et al. 2005 , Wilms et al. 2006 , Nelson et al. 2007 . Studies have further suggested that, due to the variability of sediment environmental conditions, bacterial communities in river sediments differ in abundance, physiological activity, and phylotype diversity (Nealson 1997 , Lozupone & Knight 2007 , Nelson et al. 2007 .
In turbid rivers with a high concentration of suspended sediments, the deposition of suspended sediment and resuspension of deposited sediments may affect the microbial communities in sediments. The spatial and vertical distributions of microorganism in turbid rivers may differ from those in other rivers. However, few studies have been conducted on bacterial diversities and community structures in turbid rivers sediments with high concentrations of suspended sediment.
The Yellow River in China, with an average suspended sediment concentration of 22 g l −1 (YRCC 2010) , is the largest turbid river in the world. Especially in the middle and lower reaches of the river, hydrodynamic conditions vary greatly due to watersediment regulation in the Xiaolangdi Reservoir, which results in high-frequency resuspension and deposition of sediment .
In the present study, we selected the Yellow River as a typical river to study the patterns of bacterial community structure and diversity at various depths in the sediment of turbid rivers. Samples were collected from 5 sites in the middle and lower reaches of the Yellow River. The spatial variation of bacterial community structures in the sediments was examined. The variations of environmental parameters and bacterial 16S rRNA gene clone libraries in sediments with vertical depth were also investigated. In addition, the relationships between environmental variables and bacterial community structures in the sediments were analyzed.
MATERIALS AND METHODS

Site description and sample collection
The Yellow River, the second largest river in China, is famous for having the highest sediment concentration in the world (Liu et al. 2013) . Sediment cores were collected from 5 sites in the middle and lower reaches of the Yellow River (Fig. 1) . These sites were selected based on the river's characteristics, and located at 5 important hydrological stations, namely Xiaolangdi Reservior Dam (34°55' 18.5'' N, 112°26' 46.5'' E), Mengjin Bridge (34°50' 56.8'' N, 112°37' 45.7'' E), Huayuankou Bridge (34°54' 16.8'' N, 114°35' 22 .1'' E), Sanguan Temple (34°56' 59.2'' N, 114°07' 00.8'' E), and Kaifeng Bridge (34°55' 25.1'' N, 114°35' 22.1'' E), which are representative of the middle and lower reaches of the Yellow River. The five sites were assigned the letters A, B, C, D, and E, respectively. For each sampling site, triplicate sediment cores of 25 cm depth were randomly collected using a corer sampler in an area of 2 m 2 , which was approximately 2 m away from the water edge. Each sediment core was cut in situ into 5 slices at the following depths: 0−5, 5−10, 10−15, 15−20, and 20−25 cm; these were assigned numbers 1, 2, 3, 4 and 5, respectively. Each sediment Sanguan Temple ; E: Kaifeng Bridge layer sample was labeled by combining the letter representing the sampling site and the number representing the sediment layer. For example, labels A1, A2, A3, A4, and A5 represented the samples at the depths of 0−5, 5−10, 10−15, 15−20, and 20−25 cm, respectively, from site A. For each sampling site, triplicate core samples from the same sediment layer were mixed and transferred to sterilized polypropylene tubes. All the sediment samples were stored frozen and quickly transported back to the laboratory for experimental analysis. Lab experiments began within 48 h after sampling.
Measurements of physical and chemical parameters
For each sediment sample, pH and oxidation-reduction potential (ORP) were simultaneously measured in situ. A total of 10 g of sediment was placed into 10 ml of distilled deionized water, vortexed, allowed to stand for 30 min, and analyzed using a standardized pH probe (Mettler). Other parameter analyses were performed in the laboratory. To determine the water content, we weighed each fresh sediment sample before and after the samples were dried at 60°C for 24 h. The values were calculated as follows: [(weight of fresh sediment) − (weight of dried sediment)] / (weight of fresh sediment). Ammonium nitrogen (NH 4 −N), nitrate nitrogen (NO 3 −N), and nitrite nitrogen (NO 2 −N) for each fresh sediment sample were colorimetrically measured with an Autoanalyser 3 (Liu et al. 2013) . For the determination of total nitrogen (TN) and total organic carbon (TOC), each sediment sample was freeze-dried and sieved through a 60-mesh stainless screen. TN and TOC were then analyzed using a Carlo CHN elemental analyzer (Vario E1, Elementar Analysensyteme) as described in Liu et al. (2011) .
DNA extraction, PCR amplification and 16S rRNA clone library construction
Total genomic DNAs were extracted from fresh sediments by using the UltraClean Soil DNA Isolation Kit (MO BIO). DNA was eluted with 50 µl of ultra-sterile pure water and stored at −20°C. The extracted DNA was used for the clone library construction analysis. Approximately 20 ng of DNA from each sediment sample was amplified for the 16S rRNA gene by PCR (applying a predenaturation step of 5 min at 95°C, followed by 30 cycles of 1 min at 94°C, 30 s at 53°C and 2 min at 72°C, and a final elongation step of 72°C for 15 min), using the universal forward primer 27F (5′-AGA GTT TGA TCM TGG CTC AG-3′) and the reverse primer 1492R (5′-TAC GGY TAC CTT GTT ACG ACT T-3′) (Lane 1991) . PCR products were visualized by staining with ethidium bromide following agarose gel electrophoresis (Thermo-Scientific). The images were recorded using a Chemi-Smart 3000 gel documentation system (Vilber Lourmat). PCR products were purified using a DNA Fragment Purification Kit Ver.2.0 (TaKaRa) and subsequently cloned into a pMD19-T vector system (TaKaRa) and transformed into Escherichia coli Top 10. At the transformation step, the chosen cells were incubated with the ligation mix for 35 min, and then heat shocked at 42°C for 45 s. Individual clones, assumed to harbor the expected inserts, were grown at 37°C for 8 h in Luria Broth supplemented with ampicillin. A total of 2496 recombinant clones were singly picked from the 25 clone libraries, and 16S rRNA gene sequences were determined by the MO BIO Company. Nucleotide sequencing reactions were performed with the vector primer 519F (5′-CAG CAG CCG CGG TAA TAC-3′).
Sequence, phylogenetic, diversity and statistical analysis
Among the assembled sequences, those with low quality were discarded; chimeric artifacts were examined using Mothur program (Schloss et al. 2009 ) and then removed. The Ribosomal Database Project (RDP) classifier was used to assign 16S rRNA gene sequences (Wang et al. 2007 ). The representative sequences of the dominant genera (comprising > 0.5% of the 2496 sequences) were selected and aligned. The phylogenetic tree was constructed by the neighbor-joining method (with 1000 bootstrap replicates) using MEGA v5.0. This constructed tree was then related to the taxonomic assignment of the dominant genera among the 25 bacterial clone libraries. The sequences of the dominant genera were deposited into the GenBank database under the accession numbers: KF300927 to KF300956.
In this study, 16S rRNA gene sequences with > 97% similarities were assigned to the same operational taxonomic unit (OTU) by using the Mothur program (Schloss et al. 2009 ). The diversity of OTUs was further examined by rarefaction analysis. Richness and diversity statistics were also calculated using the Mothur program, including Shannon index, ACE, Chao1, and evenness (Schloss et al. 2009 ). These indices are useful statistical tools that compare the relative complexity of communities and estimate the completeness of sampling.
The relationships between environmental variables and bacterial community compositions were studied. Detrended correspondence analysis (DCA) was performed to determine whether or not unimodal or linear methods were appropriate. The longest gradient resulting from DCA was < 2. This result suggested that the operation parameters exhibited a linear, rather than a unimodal response to bacterial communities (Jongman et al. 1995) . We performed redundancy analysis (RDA) to compare species-environment correlations. In this study, the representative sequences of the dominant phyla and subphyla (comprising >1.0% of 2496 sequences) were used to analyze the correlation with environmental variables by RDA. The Monte Carlo permutation test (499 permutations) with unrestricted permutation was performed to investigate the statistical significance (at the 5% level) of relationships between taxa data and environmental variables (Salles et al. 2004) . Multivariate statistics were performed using CANOCO 4.5 software. One-way analysis of variance was performed to distinguish the differences in each environmental parameter among the 5 sampling sites using the software of SPSS v20.0. The significance level was set at p < 0.05.
RESULTS AND DISCUSSION
Environmental parameters
As shown in Fig. 2 & Table S1 in the Supplement at www. int-res. com/ articles/ suppl/ a071 p043_ supp .pdf, the environmental properties of the 5 sampling sites varied widely. The water content of all the sediment samples ranged from 11.3 to 32.1%, which was lower than that of other rivers (GarciaRuiz et al. 1998 , Doong & Lin 2004 . This is probably due to the large particle size of the Yellow River sediment (Liu et al. 2013) . ORP and pH of the sediment samples ranged from −31 to −50 mV, and from 7.69 to 8.10, respectively. TOC varied between 0.028 and 0.194%, and TN concentration ranged from 9.0 to 1139.8 mg kg −1 . The concentrations of NH 4 −N, NO 3 −N, and NO 2 −N ranged from 0.1 to 19.7, 0.1 to 92.2 and 0.01 to 0.26 mg kg −1 , respectively. For each environmental parameter, there were significant differences among the 5 sampling sites (p < 0.05) (Table S1 ). For each sediment sample, negative correlations were ob served between pH and ORP (p < 0.01), water content (p < 0.05) and NH 4 −N (p < 0.05). Positive correlations were observed be tween ORP and both water content (p < 0.05) and NH 4 −N (p < 0.05), between NH 4 -N and NO 3 -N (p < 0.05) and between TN and NO 2 −N concentration (p < 0.01) (Table S2) .
OTU clustering and diversity of bacterial community
Twenty-five clone libraries were constructed to elucidate the patterns of the bacterial community structures and diversities for the 5 sediment cores. A total of 2496 16S rRNA gene sequences for all clone libraries were obtained and selected for taxonomic analysis. The number of clones of each clone library ranged from 65 to 135, with an average of 100 (Table 1) . Based on a taxa cutoff set at 97% similarity, the number of distinct OTUs of each clone library ranged from 25 to 112, with an average of 71 (Table 1) . When all clone libraries were assembled together, the number of distinct OTUs was 1353. This finding suggested that a large number of bacterial taxa existed in the Yellow River sediments. As shown in Table 1 , the Good's coverage for the sedimentary clone libraries ranged from 7 to 88%, with an average of 40%. As shown in Fig. 3 , rarefaction curves carried out for all the clone libraries showed that most of the curves did not reach saturation, indicating that the bacterial diversities in the Yellow River sediment were probably higher than those found in the sediment samples of this study.
To analyze the diversities and richness of the bacterial communities in the present sediment samples, the Shannon index, ACE, Chao1, and evenness of each clone library were calculated (Table 1) . The values of the Shannon index ranged from 2.17 to 4.56, with an average of 3.92. The values of ACE and Chao1 ranged from 40.4 to 5204.5 and from 40 to 3490, respectively. The evenness of OTU frequencies in each gene clone library ranged from 0.804 to 0.996, except for clone library B1 with an evenness value of 0.674.
According to the results shown in Table 2 , the bacterial diversity in the sediment of the Yellow River was higher than in other, less turbid rivers and lakes around the world. This might be because the high concentration of suspended sediment in the Yellow River provides more interface for bacterial growth than other rivers and lakes; previous studies demonstrated that the abundance of nitrifying and denitrifying bacteria as well as polycyclic aromatic hydrocar-bon biodegrading bacteria increases with suspended sediment concentration , Liu et al. 2013 ). In addition, the resuspension and deposition of sediment might provide more habitat types for both aerobic and anaerobic bacterial growth, leading to the higher bacterial diversity in the Yellow River sediment than in other less turbid rivers.
Phylogenetic analysis
The RDP classifier was used to assign the 2496 16S rRNA gene sequences. A phylogenetic tree was constructed to show the relationships of the taxonomic assignment of the dominant genera among the 25 bacterial clone libraries. The assigned results showed (Fig. 4) . The remaining sequences (1.6%), which could be novel phylotypes, were classified into un classified Bacteria. This result suggested that considerable diverse bacteria existed in the Yellow River sediment.
The most abundant sequences in the Yellow River sediment corresponded to Proteobacteria (1958 sequences, 78.5%), which were widely distributed in all the sediment samples (Fig. 4) Fig. 3 . Rarefaction curves of bacterial 16S rRNA gene clone libraries constructed from sediment cores taken from 5 sites (A to E) on the Yellow River (see Fig. 1 ). Five cores were taken at each site; samples taken at depths 0−5, 5−10, 10−15, 15−20, and 20−25 cm were numbered 1, 2, 3, 4 and 5, respectively. OTU: operational taxonomic unit (Fig. 5) .
For the most abundant sequences affiliated with Proteobacteria, its subphyla Betaproteobacteria (43.0%) and Gammaproteobacteria (25.5%) were markedly more abundant than Alphaproteobacteria (3.08%), Epsilonproteobacteria (0.36%), and unclassified Proteobacteria (0.12%) in the Yellow River sediment. Beta proteobacteria has been frequently found with a high relative abundance in freshwater sediments and waters (Zwart et al. 2002 , Wilms et al. 2006 , Nelson et al. 2007 ). In contrast, marine ecosystems usually contain very few Betaproteobacteria (Rappé et al. 2000) . In soil, the proportion of Betaproteobacteria has been found to be much lower than that of Alphaproteobacteria, and especially lower than that of members of the Fibro bacteres/ Acidobacteria group (Chow et al. 2002 , Zhou et al. 2003 . In addition, the representatives of Gammaproteobacteria accounted for a relatively high percentage of the bacterial community composition of the river sediment in this study, which is consistent with results obtained by Enya et al. (2007) . Although Alphaproteobacteria is considered characteristic of marine environments (Acinas et al. 1999) , this subphylum was also found in the Yellow River sediment.
The Yellow River, with its high sediment load, has suffered from low water yields and heavy water pollution (Li et al. 2006 , Xia et al. 2009 ), which may affect the structure of bacterial communities. Members of Firmicutes, which are versatile in degrading macromolecules (Vieira et al. 2008) , accounted for 0.28% of bacteria in the sediments of the Yellow River. Additionally, the high water turbidity, low water transparency and low light transmission rate in the Yellow River could affect the growth of photosynthetic bacteria in the sediment. As expected, Cyanobacteria, Chloroflexi, and Chlorobi, which are repre- 
Spatial variation among bacterial communities in the sediments of 5 sampling sites
According to the total bacterial communities in each sediment core (i.e. 0−25 cm depth), the numbers of bacterial clone sequences at the sampling sites A, B, C, D, and E were 553, 491, 464, 500, and 488, respectively; and the numbers of OTUs were 375, 202, 285, 366, and 305, respectively. The Shannon indices at the 5 sites were 5.56, 4.09, 5.19, 5.57, and 4.13, respectively. Thus, the bacterial diversity in the sediment varied at the 5 sampling sites, but no trend existed along the Yellow River.
Bacterial community structures among the 5 sampling sites are compared at Fig. 6 . Although clones belonging to phyla Proteobacteria, Bacteroidetes, Acidobacteria, Planctomycetes, and Verrucomicrobia were present at all sampling sites, their re lative abundances and main subphylum compositions differed among the sites. The relative abundances of Proteobacteria as the pre dominant phylum at the 5 sites A to E were 76.1, 94.7, 61.9, 75.8, and 82.2%, respectively. For the subphyla of Proteobacteria, the relative abundances of Betaproteobacteria at the 5 sites were 51.4, 34.1, 35.4, 39.0, and 52.8%, respectively, and those of Gamma proteobacteria were 15.9, 53.7, 15.1, 26.8, and 16.8%, respectively. Betaproteobacteria was predominant at sites A, C, D, and E, whereas Gammaproteobacteria was predominant at site B. The second main phylum at sites A, B, C, and E was Bacteriodetes, whose relative abundance was 8.9, 1.7, 24.1, and 6.3%, respectively, while the second main phylum at site D was Acidobacteria (10.2%). In addition, some phyla were only found at some of the 5 sites. For example, Actinobacteria, Firmicutes, and Gemmatimonadetes were found at sites A, C, D, and E; Nitrospira was found at sites A, B, and C; Chloroflexi was found at sites A, C and D; Cyanobacteria was found at sites A, D and E; Spirochaetes was found at sites A and D; Chlorobi was found at sites C and D. BRC1, OP10, and WS3 were only found at site A; Deferribacteries, Fusobacteria, Lentisphaerae, and OD1 were only found at site D; TM7 only appeared at site E. These results indicated clear differences among bacterial community compositions at different sampling sites, which could be attributed to the differences in environmental parameters along the Yellow River. This finding was consistent with other reports (Li et al. 2008 , Bushaw-Newton et al. 2012 , García-Moyano et al. 2012 . For example, García- Moyano et al. (2012) reported that the differences in bacterial communities among the sampling stations along the the Río Tinto River correlated with certain environmental parameters.
Vertical variation of bacterial communities in 5 sediment cores
Five sediment cores were studied for the depthrelated differences in the bacterial communities. As shown in Table 1 , the number of OTUs and the diversity indices including Shannon index, ACE, Chao1, and evenness exhibited vertical variations but no significant trends with depth. In addition, as shown in Fig. 4 , the bacterial community compositions differed among the sediment layers. For example at site D, sequences belonging to phyla Proteobacteria, Bacteroidetes, Acidobacteria were present in the 5 sediment layers (from 0 to 25 cm), whereas the relative abundances and main subphylum compositions of those phyla differed among the layers. Proteobacteria, as the predominant phylum in the 5 layers from top to bottom (i.e. 1 to 5), contributed to 88, 81, 64, 83, and 63% of the total bacteria, respectively. For the subphyla of Proteobacteria, Betaproteobacteria was the dominant subphylum in layers 1 to 5, with relative abundances of 49, 45, 23, 40, and 38%, respec- The relative abundances of Acidobacteria were 5, 9, 13, 6, and 18%, respectively. In addition, some phyla were only found in some of the 5 layers. For example, Verrucomicrobia was found in D1, D3, and D5; Firmicutes was found in D1, D3, and D5; Chlorobi was found in D2 and D4; Actinobacteria was only found in D3; Cyanobacteria, Deferribacteres, Fusobacteria, and OD1 were only found in D5; unclassified Proteobacteria and Spirochaetes were only found in D1. Thus, although the bacterial communities varied among the sediment layers for each site, there was no significant trend with depth in the Yellow River sediment. This result was inconsistent with previous studies of other freshwater sediments. For instance, Röske et al. (2012) observed that the predominant subphylum Betaproteobacteria decreased with sediment depth, but the second largest subphylum Deltaproteobacteria increased with sediment depth in the Saidenbach Reservoir (Saxony, Germany). Ye et al. (2009) reported that the bacterial community composition appeared to be relatively homogeneous in 6 sediment layer samples (from 0 to 30 cm) in Lake Taihu. Huang et al. (2011) indicated that the total bacterial abundance and bacterial activity decreased with depth in sediment samples collected from the Pearl River, and the vertical distributions of bacterial characteristics were affected by depth-related environmental factors. However, Beier et al. (2008) studied the bacterial communities in 2 sediment cores from different sites along a stream in central Germany and found that while one core exhibited clear stratification of the communities across depth, another core, which was exposed to more turbulent conditions, did not reveal distinct stratification. Böer et al. (2009) reported that the bacterial community structure in a shallow subtidal sand flat in the North Frisian Wadden Sea had a clear vertical variation, with higher OTU numbers at 10 to 15 cm depth than in the top 10 cm, probably because of the decreasing disturbance by hydrodynamic forces with sediment depth.
Relationships between bacterial communities and environmental variables
The RDA results (Fig. 7) based on species assemblage data (of species with relative abundance > 0.2%) and environmental variables, including nutrient concentrations, depth, water content, TOC/ TN, pH and ORP, showed that the sediment characteristics had an important influence on bacterial community distributions. Axis 1 explained 21.3% of the total variation of the hybridization data, Axes 1 and 2 explained 32.0%, and all 4 axes explained 42.9%. Species-environment correlations were high, especially for Axis 1 and 2 (0.839 and 0.941 respectively), indicating a strong relationship between species and environmental variables. In addition, as shown in Fig. 7 , the 5 sediment layer samples of each sediment Fig. 7 , there was a significant positive correlation between Nitrospira and NH 4 −N and NO 3 −N concentrations. These nutrients act as its growth substrate, suggesting that nitrification might be an important process in the Yellow River sediment. The abundance of Betaproteobacteria, the dominant subphylum in the sediment samples, was closely related with nutrient concentrations, including TOC, NO 2 −N, NO 3 −N, and TN. This can be explained by the fact that Betaproteobacteria consists of groups of aerobic or facultative bacteria (Freitag et al. 2006 ), many of which perform functions of nitrification and denitrification. In addition, Cyanobacteria correlated positively with TN, NO 2 −N, NO 3 −N, and ORP, whereas it correlated negatively with pH. Firmicutes correlated positively with TOC, and negatively with NH 4 −N.
Furthermore, Monte Carlo variable tests (Table 3 ) indicated that NH 4 −N and NO 3 −N exhibited significant influences on the bacterial assemblages in the Yellow River sediment (p < 0.05). This result was consistent with those of other studies (Chunleuchanon et al. 2003 , Huang et al. 2011 . However, these inorganic nitrogen compounds are likely not directly responsible for the patterns of bacterial diversity. The influence of inorganic nitrogen compounds on bacterial community composition is stronger when combined with other factors, such as organic nitrogen and carbon compounds and waste water inputs (D'Hondt et al. 2004 , Lozupone & Knight 2007 . In the Yellow River, waste water input is an important pollution source that is high in inorganic nitrogen and carbon compounds (Xia et al. 2002) . Therefore, the relationship between inorganic nitrogen compounds and bacterial diversity is indirect; the phenomenon could be caused by a wide range of environmental factors.
As shown in Table 3 and Fig. 7 , depth did not have a significant effect on the bacterial communities in the sediment samples (p > 0.05). This was consistent with the aforementioned results that bacterial diversities and community compositions in each sediment core had no significant trend with depth. The reason might be that variation of hydrodynamic conditions resulted in high-frequency resuspension and deposition of sediment in the Yellow River. Water-sediment regulation at the Xiaolangdi Reservoir results in resuspension and deposition of sediment in the middle and lower reaches of the Yellow River, and the mixing of different layer sediments. This could explain why environmental parameters did not show a significant trend with depth ( Fig. 2) and, further, why the bacterial communities of the sediment-core samples showed vertical variations but exhibited no significant trend with depth. 
